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EFFECT OF THE LASER ON THE SKIN
III. TRANSMISSION OF LASER BEAMS THROUGH FIBER OPTICS*
JOHN GOLDMAN, B.S., PETER HORNBY, B.S. AND CHARLES LONG, M.D.t
The principle of internal reflection in a glass
medium has been thoroughly examined, and the
application of this principle to medical instru-
ments, well developed. Such instruments as the
gastroduodenoscope, bronchoscope, esophago-
scope and cystoscope all utilize internal reflection.
In medicine the problem has been and continues
to be how to transmit light inside the body and
at the same time observe the illuminated area.
Glass rods as devices for transmitting light are
limited by their lack of flexibility. However, if
the glass rods are drawn out to fibers with diame-
ters in the order of tens of microns, they become
quite flexible; and if a sufficient number are fused
together, there results an efficient apparatus for
transmitting light with a surprisingly low loss of
light (approximately 10% per foot of fibers).
Medical instrumentation with fiber optics is now
available in the forms of the flexible gastroscope
and also a hypodermic fiber optics probe (1).
The recent development of lasers and the
biological reactions induced by laser beam im-
pacts (2, 3) have led us to consider the possible
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use of a "laser-fiber optic" combination. Such a
combination would certainly be valuable in il-
luminating areas not accessible to visual examina-
tion and allow diagnosis of pathological condi-
tions. However, as our previous work (4)
has shown, high energy laser beams can cause
extensive tissue damage, an obviously serious
deterrent. Consequently, it is necessary to deter-
mine what laser beam energy density constitutes
the threshold level for tissue damage; and then
determine if this level of energy density supplies
sufficient illumination for the observer.
In the primary pilot experiments, using lasers of
different energy ranges (100—150 joule range;
1—10 joule range), the extent of tissue damage
varied from no damage at all to total destruction
of the tissue. This reaction is highly selective, and
it is therefore necessary to determine what in-
fluences cause this selective absorption of the laser
light and also what wavelengths are most readily
absorbed by different bodies. In working with
fiber optics, we have mainly utilized a red light
laser beam of wavelength 6943A, with some work
done with neodymium lasers, with output wave-
lengths of 10,600A.
The selective absorption of the laser light at
6943A is well demonstrated by the fact that with
the low energy laser, one can readily damage red
blood cells (granulization, vacuolization and
clumping), while there is no observable damage to
the white blood cells. Threshold energy density
values have been established for red cell damage
and the degree of damage can be well controlled.
FTG. 1. Various types of flexible and fused fiber optic bundles
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A
The table of data following was derived from an
experiment on blood smears in which the laser
beam was transmitted through a one-foot fiber
optic bundle. The beam was focussed into the
bundle and the smear was located on a slide at the
exit of the bundle.
Shot Area Damaged Laser BeamEnergy Damage
1 0.003 cm2 0.140 joules None
2 0.003 cm2 0.140 joules None
3 0.003 cm2 0.150 joules None
4 0.003 cm2 0.155 joules Slight
5 0.003 cm2 0.160 joules Considerable
6 0.003 cm2 0.170 joules Extensive
The energy readings in all instances were made
indirectly with a TRG calorimeter and a Keithley
microvolt-ammeter.
Various degrees of tissue damage have also been
accomplished by lasing through these fiber optic
bundles. However, there is a limit to the energy
that can be transmitted through the bundles. With
an incident energy of 125 joules on the fiber optic
bundles, extensive damage of the fibers occurred.
Recent experiments on crown clad glass show less
damage from the beam. This limitation on the
amount of energy the fibers could transmit be-
comes a serious complication in the use of the
laser-fiber optic combination as a therapeutic
instrument because of the apparent high laser
beam energies necessary to accomplish deep
destruction of diseased tissue.
B
FIG. 2A. The cross-section of the end of a fiber optic bundle showing fibers of 30 microns in diameter.
Black spots represent areas where individual fibers of this flexible bundle were broken.
FIG. 2B. The cross-section of a fiber optic bundle (50X).
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FIG. 3A. This photograph shows the set-up of
a flexible fiber optic bundle at the focal point ot
a lens with the other end of the bundle on a spof
of India ink on the forearm.
FIG. 3B. The effect of the laser impact through
the fiber optic bundle on the India ink area with
vaporization of the carbon particles. There was
no effect on the skin.
In experiments with our 0.5 joule low energy
pulsed ruby laser and with the same type of fiber
optic bundles, small areas of tissue change have
been produced in cytological preparations of
huccal epidermal cells, stained before removal
with Evans Blue. Unstained preparations showed
no change. With the focussed beam of this same
laser, a small area of superficial epidermal destruc-
tion was produced in a paraffin-imbedded hema-
toxyl in-eosin stained junctional nevus, mounted
on a glass slide. No evident changes were produced
on white skin except a small white spot at the base
of the nail where nail bed capillaroscopy is per-
formed. Small superficial whitened areas were
produced on Negro skin, pigmented nevi, baso-
squamous acanthomas (seborrheic keratoses). In
two experiments, small fused fiber optic bundles
were imbedded into a portion of excised mixed
nevi down to the dermis. After impact, no evident
areas of tissue destruction could be observed,
grossly or microscopically. This indicates that
nrnch higher energy densities are needed to pro-
duce changes in white or transparent tissue.
The use of a black exposed photographic film
as a target demonstrates well the interaction of
the laser beam with colored materials. A constant
burning effect has occurred to black exposed
photographic film upon lasing, both with and with-
out fiber bundles, in which the film is bleached
white in the lased area. Samples of these films
were analyzed. According to Buckley (5), "the
developed film contains silver in the metallic state
in a gelatin matrix. It is quite inert chemically.
The reaction noted is due to the fact that the
energy from the laser you are using is readily
converted into heat. This heat, in turn, rapidly
vaporizes the moisture in the gelatin so that you
A B
FIG. 4A. A junction nevus, hematoxylin-eosin, after impact of the focussed beam of the laser with
incident energy density on impact of 1.58 joules/cm2 (27X).
FIG. 4B. Same nevus with laser impact through fiber optic bundle showing only minimal epidermal
damage (317X).
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have the equivalent effect of a miniature
explosion."
The laser-fiber optic combination has a variety
of possible applications as a medical instrument.
The ideal instrument would be a complex in which
the laser supplied both the illumination for ob-
servation of the target area and an intense beam
for therapeutic purposes. If such an instrument is
not possible, then the laser-fiber optic combination
may still have considerable value as either an
instrument for illumination of internal organs or
as a therapeutic instrument for diseased tissue.
Before such instruments become feasible, the
energy density threshold values for tissue damage
must be carefully evaluated.
SUMMARY
Experiments have demonstrated that fiber optic
bundles can transmit laser beams, although energy
output is diminished through these glass fibers.
Changes were produced in blood smears where
threshold damage level was determined, in Negro
skin, cytological preparations, histological prep-
arations, pigmented nevi, baso-squamous acan-
thomas, and in black exposed photographic film.
The areas of destruction were small.
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